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Two Collembolan species of the same family, a cave dwelling species 
Tomocerus problematicus Cassagnau, and a soil forest litter species Tomocerus 
minor (Lubbock), are compared from the point of view of their body transpi- 
ration. 24 Tomocerus problematicus were collected by J. M. THIBAUD in a deep 
cave at Balaguéres (Ariége), Pyrenean Mountains, in autumn 1974; average 
length = 3.689 mm, s.e. = 0.339; average fresh body weight = 1.285 mg, s.e. = 
0.320; average dry body weight = 0.363 mg, s.e. = 0.099; average water content 
= 257.7 %, s.e. = 31.53; fat content (extracted from cold acetone) = 21.32 96, 
s.e. = 4.683. 23 Tomocerus minor originated from the top soil and litter layer 
of the research area in a mixed forest at Brunoy (Essonne), district of Paris, 
on 5th december 1974; average length 3.511 mm, s.e. = 0.428; average fresh 
body weight = 1.162 mg, s.e. = 0,382; average dry body weight = 0.303 mg, 
s.e. = 0.104; average water content = 288.10 %, s.e. = 47.40; fat content 
= 16.77 %, s.e. = 6.14. 

Investigation of water relationships of these two populations which were 
collected at random in the fields required initial knowledge of various biome- 
tric data for individuals of the two species. These biometric parameters 
permit reliable estimation of the body surface area of an individual from its 
fresh body weight, and are useful to calculate the flow of bodily evaporation 
for the comparison between animals. 


This would be an expression of an allometric function between body 
surface area (S in mm?) and fresh body weight (P in mg) like the Meeh's theo- 
retical formula: S = k P 2/3, 


— Tomocerus problematicus; S = 9,115 P 0,620 
— Tomocerus minor; S = 8,983 P 0.637 
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The transpiration diagrams (plot of flow of bodily evaporation against 
bodily water concentration) show the same typical profile with a plateau: 
shorter in the case of cave dwelling species and slightly longer in the case of 
epigeous one (Fig. 1). For other types of transpiration diagrams dealing with 
water-regulation or perspiration in Collembolan see also VANNIER (1973 a, 
1973 b, 1975) BErscH and VANNIER (1977). 
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Fic. 1. — Typical transpiration diagrams of two medium-sized individuals — plot of 
rate of cuticular evaporation (g) against bodily water concentration (W)— at 21° C 
and 0% R.H. Upper and lower lines show a plateau of transpiration during 
40 minutes in the case of cave-dwelling species and during one hour in the case of 
epigeous one. Both steady flow periods express a brief phenomena of water regulation, 
then, a point of inflexion takes place on each curve corresponding with a new 
period of simple vapour diffusion as evaporation from an inert microporous body. 
Full-drawn and dotted lines will be foilowed from right to left. 


The most important differences appear when the two populations are 
analysed by an ecophysiological model in which the evolution of the linear 
equation between fresh body weights (Y) and dry body weights (X) is followed 
during a short period at zero percent of relative humidity and 21° G, 


It is shown that different curves, 
Y = (at + 8) X + (yt + 8) 
converge at the same point for which graphic coordinates are theoretically 


known by the value of coefficients and constants in the previous linear equa- 
tion (see in VANNIER, 1976, mathematical model and graphs). 


Linear relationships between fresh body weights (Y) and dry body 
weights (X), when animals are exposed to severe conditions of dryness (0 % 
R.H., 21° C) are given by the following equations for each population: 


Tomocerus problematicus: 
Y = (— 0.0423 t + 3.0573) X + (— 0.0033 t + 0.1744) (a) 
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Tomocerus minor: 
Y = (— 0.0343 t + 3.3722) X + (— 0.0026 t + 0.1412) (b) 


Coefficients and constants of these equations are specific for each popu- 
lation and enter in the calculation of the equations for measuring speed (v) 
and flow of bodily evaporation (g) in each individual, as well as for the mean 
rate of transpiration in each population. With experimental data the fol- 
lowing linear equations are obtained: 
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Fic. 2. — Water relationships in two populations of Tomoceridae at 0% 


R.H. and 21°C. Upper graphs : linear relations between speeds 
of transpiration (v) and dry body weights (X); a greater slope 
coefficient explains that the cave-dwelling population uses up its 
water reserves more rapidely. Lower graphs: hyperbolic relations 
between rates of transpiration (g) and dry body weights (X); 
derivatives indicate that older individuals are better able to limit 
loss of water than are younger ones; scattering of reported data 
points is probably due to physiological conditions of individuals 
which were not previously synchronized. 


Tomocerus problematicus: 
v = 0.0420 X + 0.0034 (c) 


Tomocerus minor: 
v = 0.0352 X + 0.0230 (d) 
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Derivatives from equations (a) and (b) can also give the slope coefficients 
and constants of these above linear equations (c) and (d). 

Thus, the experiments show that speed of evaporation of water from the 
body increases with individual dry body weight, the converse is true when one 
considers the flow of bodily evaporation (gx) calculated per unity of dry 
body weight (Fig. 2). 


Tomocerus problematicus: 
0.0033 0.0033 


gx = 0.0423 + , and its derivative g'x, = — “x 
Tomocerus minor: 

0.0026 0.0026 

gx = 0.0343 + x and its derivative gx = — -=a 


These results indicate that older individuals are better able to limit 
depletion of their water reserves than are younger ones when faced with 
evaporation power of surrounding air (Fig. 2). 


In conclusion, we can assume that the cave dwelling species Tomocerus 
problematus uses up its water reserves more rapidly than the epigeous spe- 
cies Tomocerus minor under the same conditions of evaporation. When calcu- 
lating the mean rate of transpiration per unity of body surface area, we find 
17.52 x 104 mg/mm?/min for the former and only 12.94 x 104 mg/mm?/min 
for the latter. 


RÉSUMÉ 


Deux espèces de Collemboles appartenant à la méme famille, l'une troglobie 
Tomocerus problematicus, l'autre épigée de la litière de la forêt Tomocerus 
minor sont comparées du point de vue de leur transpiration corporelle. 


Les diagrammes de transpiration (flux d'évaporation corporelle - concentration 
en eau corporelle) montrent le méme profil typique avec un plateau, plus court 
dans le cas de l'espece troglobie et un peu plus long dans le cas de l'espèce épi- 
gée (Fig. 1). On se reportera aux travaux de VANNIER 1973 a, 1973 b, 1975, BETSCH 
et VANNIER, 1977, pour prendre connaissance d'autres diagrammes de trans- 
piration qui traduisent des phénomènes de régulation hydrique ou de simple perspi- 
ration. 


Mais les différences les plus importantes apparaissent quand les deux popula- 
tions sont analysées à l'aide d'un modéle écophysiologique dans lequel l'évolu- 
tion de l'équation linéaire qui lie les poids frais (Y) aux pois secs (X) est suivie 
pendant une courte période à zéro pour cent d'humidité relative et à 21* C. 
On montre que les différentes courbes linéaires convergent vers le méme point (P) 
dont les coordonnées graphiques sont théoriquement connues par les valeurs des 
coefficients et constantes de l'équation linéaire poids frais - poids secs (Cf. VANNIER, 
1976, pour lire l'illustration graphique du phénomène de transpiration). 


Les résultats expérimentaux concordent pour montrer que la vitesse d'évapo- 
ration corporelle augmente avec le poids sec des individus, en revanche, c'est 
l'inverse qui se produit en considérant le flux d'évaporation corporelle. Ces résul- 
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tats indiquent que les individus vieillissants économisent mieux leurs réserves 
hydriques que les plus jeunes, face au pouvoir évaporant de l'air ambiant. 


En conclusion, nous pouvons admettre que l'espèce troglobie Tomocerus 
problematicus dépense ses réserves hydriques plus rapidement que l'espèce épigée 
Tomocerus minor dans les mémes conditions d'évaporation. Le taux de transpi- 
ration est de 17,522.10 mg/mm?/mn pour la première et seulement 12,94.10-4 
mg/mm?/mn pour la seconde. 
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